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(54) System and method for cellular digital packet data voice channel selection 


(57) A combiner network assembly (202) enables a 
Cellular Digital Packet Data (CDPD) system to sample 
(on lead 208) Advanced Mobile Phone System (AMPS) 
voice channels and inject a CDPD transmit data signal 
(on lead 206) prior to the power amplif ication of the chan- 
nel (210) prior to transmission. The combiner network 
assembly samples the voice channels after they are 
combined (by 302) and injects the CDPD data transmit 
signal (on 206) after the sampling point but before the 
power amplification of the voice channels. The combiner 
network assembly combines the inputs from one or more 
voice radios (on 1 28, 1 30, 1 32) and a setup radio (on 1 34) 
with a combiner (302) to produce a combined voice and 
setup channel output which is then divided by a power 
divider (318) and output (on 320) to the CDPD radio for 
sampling. When a voice channel becomes available, the 
CDPD radio injects a data transmit signal (on 206) to the 
combiner network assembly at that available voice chan- 
nel, which combines (in 328) the data signal with the 
combined voice and setup signal (on 326) to result in a 
combined- voice, setup, and data signal (on 210). This 
signal is then amplified by a broad band linear RF am- 
plifier for transmission over an antenna sector corre- 
sponding to the voice radios. 
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Description 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

The present invention relates generally to cellular 
communications, and more particularly, to the injection 
of data signals in the radio frequency transmission path 
over an available cellular voice channel. 

RELATED ART 

Cellular mobile telephone systems provide direct-di- 
al telephone service to any mobile user by using radio 
transmission. The service area ol a cellular mobile tele- 
phone system is divided into regions called cells, each 
of which has equipment to switch, transmit, and receive 
calls to and from any mobile unit located in the cell. Each 
cell transmitter and receiver operates on a voice channel 
(frequency). A single channel may be used for many si- 
multaneous conversations (voice signals) in cells which 
are separated enough to avoid excessive interference. 
Thus, as the number of users increases, so does the 
number of cells, with each cell covering a smaller geo- 
graphic area. Because noise immunity is very important, 
Irequency modulation (FM) is used for radio transmis- 
sion between mobile users and the base station of the 
cell. The present standard for cellular mobile telephone 
service in the United States is known as the Advanced 
Mobile Phone System (AMPS). 

Recently, there has- been an effort to transmit and 
receive digital data as well as voice information with mo- 
bile cellular telephone users. Towards that end, the Cel- 
lular Digital Packet Data (CDPD) transmission standard 
was developed. The CDPD standard governs the trans- 
mission of data between mobile and other land based 
users. A system which operates according to the CDPD 
transmission standard is referred to as a CDPD radio. 

What is needed is a non-intrusive means for trans- 
mitting CDPD data signals on the Advanced Mobile 
Phone System to avoid the cost of establishing dedicat- 
ed facilities for data transmission, and in such a manner 
so as to not interfere with the performance of the pres- 
ently existing voice network. 

SUMMARY OF THE INVENTION 

The present invention is a combiner network assem- 
bly (CN A) which is configured to enable a Cellular Digital 
Packet Data (CDPD) system to sample combined Ad- 
vanced Mobile Phone System (AMPS) voice channels 
and inject a CDPD data transmit signal into the radio fre- 
quency (RF) transmission path over an available voice 
channel prior to the final amplification of the combined 
voice channels by a transmission system power amplifi- 
er. 

The combiner network assembly of the present in- 


vention has one or more input ports, each coupled to one 
or more voice radios via one or more transmit signal pow- 
er combiners. The combiner network assembly may also 
be configured to interface with a setup radio for receiving 
s a setup channel. The RF signals received via these input 
ports are combined by a combiner to produce a com- 
bined voice (and, if included, setup) channel output. A 
power divider directs the combined voice (and setup) 
channel signals to a CDPD radio and to a second com- 
10 biner internal to the combiner network assembly. The 
combined voice (and setup) channels are provided to the 
CDPD radio via a CDPD voice sampling RF transmission 
path. 

The CDPD radio processes the combined voice 
is (and setup) channels and determines if a voice channel 
is presently not being utilized by the voice radios and 
then provides a CDPD data transmit signal at that avail- 
able voice channel to the combiner network assembly. 
The CDPD radio provides the data signal to the combiner 
20 network assembly via a CDPD data signal RF transmis- 
sion path. The combiner network assembly injects the 
CDPD data transmission signal onto the main RF trans- 
mission through path by combining the data signal with 
the combined AMPS signal containing the voice and set- 
25 up channel signals output from the power divider. This 
results in a combined voice, setup, and data signal. This 
combined voice, setup, and data signal is then transmit- 
ted over an antenna sector to which the voice radios are 
dedicated. 

'30 One advantage of the present invention is that it pro- 
vides the CDPD radio with the ability to instantaneously 
sample the AMPS voice radio transmission activity, 
thereby enabling the CDPD radio to instantaneously de- 
termine which of the voice channels are not being utilized 
35 by the voice radios and transmit a CDPD data signal onto 
the RF transmission path over that instantaneously in- 
active AMPS voice channel. This enables the AMPS sys- 
tem to transmit CDPD data signals over available voice 
channels while assigning the real-time voice signals pri- 
40 ority over the CDPD data signals without having to pro- 
vide a dedicated AMPS channel to the CDPD radio for 
transmission of CDPD data signals. 

Another advantage of the present invention is that it 
maintains sufficient isolation between the CDPD trans- 
45 mit data signal and the sampled AMPS voice and setup 
signals. This enables the CDPD radio to accurately proc- 
ess the AMPS voice (and setup) channels to determine 
which channel is available. 

Another advantage of the present invention is that it 
so enables the CDPD transmit data signal which is injected 
into the AMPS channel to utilize the same antenna and 
associated RF transmission hardware as the AMPS 
transmissions, thereby avoiding the cost of an additional 
transmit antenna dedicated to the CDPD radio. 
55 Another advantage of the present invention is the 
ability to achieve the above functional objectives in a sin- 
gle-structured device while preserving the current AMPS 
system architecture, cabling, and signal levels. 
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Further features and advantages of the present in- 
vention, as well as the structure and operation of various 
embodiments of the present invention, are described in 
detail below with reference to the accompanying draw- 
ings. In the drawings, like reference numbers indicate 
identical or functionally similar elements. Additionally, 
the left-most digit of a reference number identifies the 
drawing in which the reference number first appears. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be described with refer- 
ence to the accompanying drawings, wherein: 

Figure 1 is a block diagram of a conventional AMPS 
transmission facility; 

Figure 2 is a block diagram of the AMPS transmis- 
sion facility of the present invention; 

Figure 3 is an architectural block diagram of the 
combiner network assembly of the present inven- 
tion; and 

Figure 4 is a flow chart of the operational steps per- 
formed by the combiner network assembly of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

I. Introduction 

The Combiner Network Assembly (CNA) of the 
present invention enables a Cellular Digital Packet Data 
(CDPD) radio system to sample combined Advanced 
Mobile Phone System (AMPS) voice channels at a single 
location along the radio frequency (RF) transmission 
path. The Combiner Network Assembly also enables the 
CDPD radio to inject a CDPD data transmit signal into 
the RF transmission path over an instantaneously avail- 
able voice channel. The point of injection occurs after the 
point of sampling, but occurs prior to the amplification of 
the combined voice channels for transmission by a cell 
site antenna. 

II. Advance Mobile Phone System (AMPS) 

Figure 1 illustrates a conventional implementation of 
a transmission facility for the Advanced Mobile Phone 
System (AMPS) cellular mobile telephone system. Re- 
ferring to Figure 1, the architecture of an AMPS transmit 
facility 100 is now discussed. As discussed above, an 
AMPS cellular phone system is a cellular phone system 
which operates in accordance with the Advanced Mobile 
Phone System, established for wireless communications 
systems in the United States and other countries. AMPS 
is considered to be well known to those skilled in the rel- 


evant art. 

Transmission facility 100 includes a number of voice 
radio transmitters that transmit voice signals over an as- 
sociated antenna sector which is associated with the 
5 voice radios. In the AMPS transmission facility 100 
shown in Figure 1 , the voice channels over which voice 
radios 102 A through 102F transmit their voice signals 
are combined in a combiner 104A. Similarly, the voice 
channels over which voice radios 102G-102I transmit 
io their voice signals are combined by a combiner 104B. 
Likewise, the voice channels over which voice radios 
102J-102L transmit their voice signals are combined by 
a combiner 104C. 

Voice radios 102A-102L include both, a transmitter 
is and a receiver, typically in the same device, referred to 
as a transceiver. However, the present invention oper- 
ates with the voice channels output by the transmitter 
portion of voice radios 102A-102L. Thus, in the following 
description, the term voice radio refers to the transmis- 
20 sion function of the voice radios 1 02A-1 02L. In addition, 
voice radios 102 A- 1 02 L are collectively and generally re- 
ferred to as voice radios 102. 

Combiner 104A outputs the combined voice chan- 
nels from voice radios 102A through 102Fon voice chan- 
2S nel RF transmission path 128. Combiner 104B outputs 
the combined voice channels from voice radios 102G 
through 1021 on voice channel RF transmission path 
130. Combiner 104C outputs the combined voice chan- 
nels from voice radios 1 02J through 1 02L on voice chan- 
30 nel RF transmission path 1 32. Combiners 104A through 
104C are collectively and generally referred to as com- 
biners 104. These combined groups of voice radio trans- 
mitters 102 are further combined in a single RF trans- 
mission path and input into a Linear Amplifier Circuit 
3S (LAC) 114 in the manner described below. 

Each of the combined groups of voice radios 102 
are connected to an input port on a linear amplifier circuit 
combiner (LAC combiner) 110. LAC combiner 110 has 
four input ports 120, 122, 124, and 126. In the preferred 
40 embodiment, one of the fou r input ports is used to receive 
setup signals generated by a setup radio. Since one in- 
put port is dedicated to the setup radio, LAC combiner 
1 1 0 can accept voice channels from three combiners 1 04 
in the three remaining input ports. Thus, input port 120 
45 is coupled to combiner 104A, input port 122 is coupled 
to combiner 104B, and input port 124 is coupled to com- 
biner 104C. As shown in the configuration illustrated in 
Figure 1 and described above, LAC combiner 110 has 
four input ports. However, as one skilled in the relevant 
so art would find apparent, LAC combiner 110 may have 
any number of input ports, any number of which may be 
dedicated to receiving voice channels from voice radios 
102. The LAC combiner input ports which are not pres- 
ently dedicated to receiving voice channels may be re- 
ss served for future growth, or, as shown in Figure 1 , cou- 
pled to a voice radio 108. 

In the preferred embodiment of the present inven- 
tion, combiners 104A-104C are 9-to-1 combiners, each 
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capable of receiving voice channels from up to a total of 
nine voice radios operating in the AMPS frequency 
range, and generating a combined voice channel output 
However, as one skilled in the relevant art would find ap- 
parent, combiners 104A-104C may be any type or size 
power combiner sufficient to support a given application, 
configuration, and selected frequency range. 

For example, in one embodiment, voice radios 102 
are first coupled to a 4-to-1 combiner which then pro- 
vides the combined voice radio channels to one of the 
inputs of combiners 104. In such a configuration, each 
combiner 104 would have an output representing 36 (4 
radios per each of the 9 inputs) voice radios. In this em- 
bodiment, LAC 114, which receives the combined voice 
radio channels from three 9-to-1 combiners 104. would 
then support a total of 1 08 voice radios 1 02. The design 
considerations for such configurations are discussed be- 
low. 

A mobile unit or user is called by transmitting its 
number over a setup channel. When the mobile unit rec- 
ognizes its number, it quickly seizes the strongest setup 
channel and transmits an acknowledgement response. 
The cell site then uses the seized setup channel to trans- 
mit the voice channel assignment to the mobile unit. The 
mobile unit and the ceil site radio switch to the voice 
channel radio frequency and the voice channel is then 
used. A similar sequence is used when the mobile user 
originates the call. The setup channel is generated by 
setup radio 108 and supplied to LAC combiner 110 
through a one-to-six power divider 106. Power divider 
106 is also referred to as a power splitter or splitter 106. 
The setup channel transmission is provided to LAC com- 
biner 1 1 0 via a setup channel RF transmission path 1 34. 
The setup channel is then combined with the voice chan- 
nels into a single RF transmission path, amplified by LAC 
114, and transmitted by cell site antenna 118. 

In the transmission facility of the preferred embodi- 
ment, the setup radio 108 is coupled to LAC 114 which 
is associated with a single antenna sector 11 8. As shown 
in Figure 1 , the output of setup radio 108 may be provid- 
ed to more than one LAC (through a LAC combiner 110). 
In the preferred embodiment, these additional LACs are 
part of the transmission facilities which serve the remain- 
ing sectors of the cell. However, as would be apparent 
to one skilled in the art, other configurations of setup ra- 
dio 108 are possible. For example, in cellular systems 
which have a single LAC coupled to the output of each 
voice radio 102 or a single LAC coupled to the output of 
each combiner 104, the setup radio may be combined 
with the voice channels at any point along the RF trans- 
mission path before the amplification of the combined 
channels. This may be, for example, at the input of one 
or more LACs in the former configuration, or at the input 
of one of the combiners 104 in the latter configuration. 

Returning to the preferred embodiment illustrated in 
Figure 1 , the output of setup radio 1 08 is input into a pow- 
er divider 106 which splits the setup channel and pro- 
vides it to the LACs of the remaining transmission facil- 


ities associated with the cell containing antenna sector 
118. This arrangement of serving all the sectors in a giv- 
en cell with a single setup radio is referred to as the si- 
mulcast setup feature of transmission facility 100. As one 
5 skilled in the relevant art would find apparent, power 
splitter 106 may contain as many ports as necessary to 
support a given configuration. 

In another preferred embodiment, setup radio 108 
is input into one of the combiners 1 04, such as combiner 
10 104C. In such a configuration the input port 126 of LAC 
combiner 110 is available for receiving additional voice 
radio channels. Thus, any number of configuration are 
possible, depending upon the size of the sector being 
served, the number of users, the number of voice radios, 
is the power level requirements, the characteristics of LAC 
114, et cetera. 

After the voice transmission and setup channel sig- 
nals are combined in LAC combiner 110, they are output 
on RF transmission path 136 and provided to preampli- 
20 fier 112. Preamplifier 112 performs well known pre-am- 
plification functions and outputs the amplified AMPS sig- 
nals on RF transmission path 1 38 to LAC 11 4. In Figure 
1 , preamplifier 1 1 2 and LAC 1 1 4 are shown as separate 
units. However, in the preferred embodiment of the 
2$ present invention, preamplifier 1 1 2 and LAC 114 are con- 
tained in the same unit, with preamplifier 112 serving as 
the initial amplification stage of the combined amplifying 
unit. In addition, the pre-amplification function performed 
by preamplifier 112 may be performed in multiple stages 
30 by multiple preamplifiers. 

LAC 114 then amplifies the AMPS (combined voice 
and setup) signals for eventual transmission over anten- 
na 118. LAC 114 has a broad band capability and line- 
arity which enables it to simultaneously amplify signals 
35 on many channels. LAC 114 provides transmission facil- 
ity 1 00 flexibility to inject various signals onto a single RF 
transmission for efficiently amplification. This result can- 
not be achieved with nonlinear amplifiers. Amplifying 
more than one channel with a non-linear amplifier which 
40 does not have a broad band capability results in the pro- 
duction of intermodulation products or by-products. That 
is, undesirable signals develop near the primary signals 
which are being amplified. These undesirable signals 
pollute the airwaves of the cell and degrade performance 
45 of the system. The LAC of the present invention amplifies 
the voice channel signals with a minimum of these un- 
wanted intermodulation products being developed, 
thereby minimizes the amount of pollution within and 
without the spectrum. As a result, each antenna sector 
so has a single associated LAC 114 supporting the voice 
channels generated by all voice radios 102 for a given 
antenna 118. 

LAC 114 then forwards them via RF transmission 
path 140 to a transmit filter 116. The combined, ampli- 
55 fied, and now filtered signals are then delivered to the 
cell site antenna sector 11 8 via an RF transmission path 
142. In the configuration illustrated in Figure 1, a single 
transmit filter 116 is illustrated. However, as one of ordi- 
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nary skill in the art would find apparent, any number of 
transmission filters may be utilized with the present in- 
vention. For example, transmit filter 116may be replaced 
with a series of transmit filters. As shown in Figure 1, 
LAC 114 and LAC combiner 110 are associated with a 
particular antenna 118. 

In the preferred embodiment of the present inven- 
tion, antenna 1 1 8 serves a portion of the cell site, referred 
to as an antenna sector and is thus referred to as a sector 
antenna. The antenna sector served by antenna 118 is 
120 degrees. Thus, three transmission facilities 200 
would be required to completely service a cell (3 facilities 
X 120 degrees per facility = 360 degrees). However, as 
one skilled in the art would find apparent, antenna 118 
may be any type of antenna having directional or omni- 
directional sectors, operating in sectorized cell sites or 
omni-directional cell sites. 

The RF transmission paths 136, 138, 140, and 142 
are the main RF transmission paths through transmis- 
sion facility 100, over which the AMPS signals travel for 
eventual broadcast. These RF transmission paths are 
collectively referred to as the main RF transmission 
through path. 

As discussed above, transmission facility 1 00 is part 
of an AMPS system. For example, transmission facility 
100 is part of an AT&T Autoplex® System 1000 Series 
It cell sites, available from AT&T, Whippany, N.J., U.S.A. 
The operation of transmission facility 100 shown in Fig- 
ure 1 is well known in the art. Generally, voice radios 102 
are assigned operating frequencies and antenna sectors 
and turn-on and off depending on the connect and dis- 
connect activity of the cellular customer. 

III. Cellular Digital Packet Data (CDPD) 

A CDPD radio is a cellular sub-system which trans- 
mits data between mobile and other mobile or land based 
users according to the well known Cellular Digital Packet 
Data standard. As discussed above, it is desired to inte- 
grate such a CDPD radio into the AMPS system in order, 
that it may share the transmission facilities of the AMPS 
system, thereby eliminating the requirement for dedicat- 
ed hardware for the CDPD radio. 

A CDPD radio performs both a transmit function as 
well as a receive function. Typically these two functions 
are performed by a single device : referred to as a trans- 
ceiver. The present invention operates only with the 
transmit portion of a CDPD radio. Thus, in the following 
discussion, the term CDPD radio refers to the transmit 
function of the CDPD radio. 

CDPD data is packetized and transmitted in bursts. 
A single message may be transmitted in a series of suc- 
cessive bursts separated in time. In addition, these sep- 
arate bursts of data may be transmitted over different fre- 
quencies. The receiving mobile user is provided with the 
necessary control information regarding the number of 
data packets and channel assignment. Therefore, CDPD 
data need not be transmitted in real-time. 


In preferred embodiment of the present invention, 
the CDPD radio also has the capability of performing a 
sampling technique referred to in the art as "RF sniffing" 
to detect the presence or absence of AMPS activity on 

5 a given channel or set of channels. The CDPD radio can 
also dynamically set the frequency at which each burst 
of data packets is transmitted. Because of the packetized 
nature of the data transmissions, many users can share 
the same channel and if they are transmitting numerous 

10 short packs ol data, the CDPD approach is far more cost 
effective than the currently available methods of trans- 
mitting data. 

The combiner network assembly of the present in- 
vention achieves the desired goal of non-intrusively in- 
15 jecting a CDPD radio data signal onto an existing voice 
radio RF transmit path. To achieve this goal, the neces- 
sary information (AMPS channel activity) must be pro- 
vided to the CDPD radio for processing. In addition, a 
means must be provided for combining the CDPD data 
20 signal which is generated by the CDPD radio with the 
existing AMPS channels. By providing the CDPD radio 
with the voice channels, when the CDPD radio finds a 
channel not in use by sampling the signals available on 
RF transmission path 208, it may then transmit the 
25 CDPD data signal on that available AMPS channel. The 
CDPD radio may continue to transmit data messages 
over momentarily unused voice channels until a com- 
plete message is transmitted. 

This technique has the advantage of integrating the 
30 CDPD radio into the AMPS system without interfering 
with the real time nature of voice transmissions. The 
AMPS calls are given a higher priority than the CDPD 
calls. By forwarding the necessary information to the 
CDPD radio for processing, the present invention ena- 
35 bles the CDPD radio to maintain AMPS signal priority. 
The CDPD radio maintains the priority by sampling 
("sniffing") the AMPS channels and then dynamically 
changing ("hopping") to an available AMPS channel. 
Thus, the combiner network assembly provides the 
40 mechanism for the CDPD radio to perform its "sniff and 
hop" function. 

To achieve the above desired goal of non-intrusively 
injecting a CDPD radio data signal onto an existing voice 
radio RF transmit path, a number of configurations and 
45 approaches were considered by the inventors, all of 
which were found to be impractical or costly. 

One approach considered by the inventors was to 
inject the CDPD data transmit signal into the input of LAC 
combiner 110 and sniff (sample) in the RF transmission 
50 path at a point sometime after LAC 114. This may be 
accomplished by providing the CDPD data signal to one 
of the inputs of a combiner 104 or directly into one of the 
inputs of LAC combiner 110. This approach is very diffi- 
cult to perform because the sampling circuitry of the 
55 CDPD radio needs to be sensitive enough to be able to 
detect a change in power level between the CDPD trans- 
mitter signal and the combination of the CDPD transmit- 
ter signal plus an AMPS voice transmit signal. That is, 
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the CDPD radio must sense when a voice radio has ini- 
tially started transmitting on the channel (at the same fre- 
quency) as the CDPD radio. This margin is reduced even 
further because of component tolerances or variations 
of power level due to environmental conditions. In addi- 
tion, if an AMPS voice radio 102 transmits at a power 
level lower than the CDPD signal, detection would be im- 
possible. 

Another approach is to individually sample the voice 
channel lines 128, 130, and 132 output by combiners 
1 04. After the voice channels are sampled, transmission 
lines 1 28, 1 30, and 1 32 are combined into a single trans- 
mit path and, along with the CDPD data transmit signal, 
input into LAC combiner 110. This approach does not 
have the disadvantage of the first approach described 
above. However, this approach is undesirable due to the 
cost impact to the customer. It requires a 2-way power 
divider at each output of combiners 1 04 to provide the 
voice channel transmissions generated by the associat- 
ed voice radios to the CDPD radio. This approach also 
requires an isolator associated with each combiner 104 
to prevent the CDPD data transmit signal from affecting 
the voice channel transmission sample path. In addition, 
this approach requires an additional combiner to com- 
bine the outputs from the 2-way combiners into one sniff 
signal for the CDPD radio. This additional hardware in- 
creases the acquisition and maintenance costs of the 
system. Finally, one of the inputs on LAC combiner 110 
is needed to inject the CDPD transmit signaL.This limits 
the number of voice radios which may be supported by 
LAC 114. 

The approach implemented in the preferred embod- 
iment of the present invention is to perform the sniffing 
function at a single point along the RF transmission path 
after LAC combiner 1 1 0. Then, the CDPD transmit signal 
is injected into the RF transmission path at a point after 
the sniff point but before the power amplification is per- 
formed at LAC 114. This configuration is described below 
with reference to Figures 2 and 3. 

Figure 2 is a block diagram of an AMPS transmission 
facility of the present invention which incorporates a 
CDPD radio for digital data transmission. Referring to 
Figure 2, the operation of the present invention will now 
be described. In the preferred embodiment of the present 
invention, the AMPS system into which the present in- 
vention is implemented is an AT&T Autoplex® System 
1000 Series II cell site, available from AT&T, Whippany, 
N.J., U.S.A. However, as one skill in the art will find ap- 
parent, the present invention may be implemented in the 
transmission facility of any cellular phone system. Figure 
2 illustrates the resulting transmission facility 200 includ- 
ing a combiner network assembly 202 of the present in- 
vention and a CDPD radio 204. The CDPD radio 204 is 
located at the cell site and integrated with the existing 
AMPS cell site equipment. 

The present invention is a CDPD combiner network 
assembly implemented in transmission facility 100 to re- 
place and perform the functions of LAC combiner 110, 


as well as to enable the CDPD radio 204 to operate in 
the manner discussed above. Combiner network assem- 
bly 202 enables the integration of CDPD radio 204 into 
the transmission facility 100 of the Series II AMPS sys- 
s tern to result in transmission facility 200 shown in Figure 
2. 

As discussed with reference to Figure 1 , transmit fa- 
cility 200 includes a number of voice radios 102 which 
are combined in groups corresponding to an antenna 

10 118 over which voice radio channels generated by the 
voice radios 102 are transmitted. Each of the combiners 
104 receive a number of voice radio inputs and generate 
the combined voice channels on RF transmission paths 
128, 130, and 132. A setup radio 108 is used to supply 

is a setup channel to LAC combiner 1 1 0 through a power 
divider 106. 

Each of the combined groups of voice and setup ra- 
dios 102, 108 are connected to the combiner network 
assembly 202 of the present invention (discussed in de- 
20 tail below). In addition, CDPD radio 204 is coupled to 
combiner network assembly 202 via two RF transmis- 
sion paths: a CDPD data signal RF transmission path 
206 and a CDPD voice sampling RF transmission path 
208 (also discussed below). 

25 Combiner network assembly 202 generates an out- 
put which includes voice and setup channels as in trans- 
mission facility 100 of Figure 1. However, in the trans- 
mission facility 200 of the present invention, the output 
of combiner network assembly 202 also includes a 

30 CDPD data transmission signal generated by CDPD ra- 
dio 204 at an available voice radio frequency. This com- 
bined voice, setup, and data signal is provided to pream- 
plifier 112 for pre-amplification. Then, it is provided to 
LAC 114 via RF transmission path 1 38 for amplification. 

35 Then, it is provided to transmit filter 1 16 via RF transmis- 
sion path 1 40 and finally delivered to antenna 1 1 8 via RF 
transmission path 142. 


IV. Combiner Network Assembly (CNA) 


40 


Figure 3 is a block diagram of a preferred embodi- 
ment of the combiner network assembly 202 of the 
present invention. Referring to Figure 3, the structure 
and operation of combiner network assembly 202 will 

45 now be described. 

Combiner network assembly 202 has four input 
ports 304, 306, 308, and 310. Since the combiner net- 
work assembly 202 is designed to replace LAC combiner 
110 in transmission facility 100, the four inputs are con- 

50 nected to the three combiners 104 and power divider 
106. Input 304 is coupled to power divider 106 via setup 
channel RF transmission path 134, input 306 is coupled 
to combiner 104C via voice channel RF transmission 
path 132, input 308 is coupled to combiner 104B via 

55 voice channel RF transmission path 130, and input 310 
is coupled to combiner 1 04A via voice channel RF trans- 
mission path 128. 

As discussed above, there are two radio frequency 
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transmission paths by which the combiner network as- 
sembly 202 of the present invention interlaces with 
CDPD radio 204. The first is CDPD voice sampling RF 
transmission path 208 by which CDPD radio 204 sniffs 
(samples) the combined AMPS voice channels. CDPD 
voice sampling RF transmission path 208 is connected 
to combiner network assembly 202 at output port 31 2. 
The second is CDPD data signal RF transmission path 
206 by which CDPD radio 204 injects a data transmit sig- 
nal at an available AMPS voice frequency onto the RF 
transmission path. CDPD data signal RF transmission 
path 206 is connected to combiner network assembly 
202 at input port 314. 

Combiner network assembly 202 utilizes a 
four-to-one input combiner 302 to combine the voice and 
the setup signals. Input combiner 302 performs a similar 
function as that performed by LAC combiner 110 of Fig- 
ure 1 . The combined AMPS signals output by input com- 
biner 302 is provided on RF transmission path 316 to an 
unbalanced 2-way power divider 318. Power divider 31 8 
directs the combined AMPS signals to output port 312 
via RF transmission path 320. This combined signal is 
then provided to CDPD radio 204 via CDPD voice sam- 
pling RF transmission path 208. 

Power divider 318 also directs the combined AMPS 
signals received on RF transmission path 31 6 to a circu- 
lator 322 via RF transmission path 324. Circulator 322 
prevents CDPD radio 204 from falsely sniffing its own 
signal (discussed below). The combined AMPS signals 
are output from Circulator 322 on RF transmission path 
326 to an unbalanced 2-way power combiner 328. 

The design consideration regarding the unbalanced 
power splitter 31 8 and combiner 328 are now discussed. 
As discussed above, it is desired to implement the 
present invention in an AMPS system to replace LAC 
combiner 110 without having to modify any other com- 
ponents of the system. Thus, the AMPS signal level com- 
ing into combiner network assembly 202 has not 
changed, that is, is at the same signal level. Likewise, 
the combiner network assembly 202 must output the 
AMPS signals at the same power level as the LAC com- 
biner 110 of Figure 1. In other words, the AMPS signals 
must experience the same insertion loss in the combiner 
network assembly 202 as LAC combiner 110. 

The LAC combiner 110 illustrated in Figure 1 and 
discussed above has a total insertion loss from input to 
output of approximately 1 2 dB. In the combiner network 
assembly 202, input combiner 302 has an insertion loss 
of6dB. The 1-to-2 power splitter 31 8 and the 2-to-1 pow- 
er combiner 328 both have a 3 dB loss. Thus, the total 
insertion loss of combiner network assembly 202 would 
be 12 dB. This is the ideal loss which would be experi- 
enced by the AMPS signals as they pass through a com- 
biner network assembly having perfect, balanced com- 
biners and splitters. In practice, however, greater losses 
are experienced due to equipment variations, mismatch, 
environment conditions, et cetera. 

To achieve a specific total insertion loss, the power 


splitter and combiner are configured to give more power 
to the AMPS signals and less to the sniffing and CDPD 
data signal, respectively. For example, rather than power 
splitter 31 8 distributing a 3 dB loss to each RF transmis- 
5 sion paths 320 and 324, the power splitter is configured 
to distribute the loss unequally, for example, 4 dB and 2 
dB. This enables the combiner network assembly 202 to 
maintain the original AMPS signal level at the output port 
332. As one skilled in the art would find apparent, the 
io specific configuration of the power splitter 31 8 and com- 
biner 328 wilt depend upon the power level of the signals, 
the insertion loss desired, and the other losses experi- 
enced by the AMPS signals in the combiner network as- 
sembly due to other components. 
75 CDPD data RF transmission path 330 and voice and 
setup RF transmission path 326 enter at two separate 
ports of 2-to-i combiner 328. There is a degree of leak- 
age that occurs between these two input ports. For ex- 
ample, the signals which are received on CDPD data RF 
20 transmission path 330 may leak back into RF transmis- 
sion path 326, thereby causing upstream contamination. 
Without some type of isolation, this upstream contami- 
nation travels along RF transmission path 324 and may 
also affect RF transmission path 320 through power split - 
2B ter 318. Under such circumstances, when CDPD radio 
204 sniffs the combined AMPS signals it also detects any 
CDPD data signal it has been injected into the combiner 
network assembly 200. This causes CDPD radio 204 to 
determine that an AMPS voice radio is transmitting at 
30 that frequency and is therefore not available for injection 
of the CDPD data signal. This continues indefinitely, re- 
sulting in the CDPD data signal not being transmitted. 

Circulator 322 prevents this phenomenon from oc- 
curring. The isolation which exists between the two input 
35 ports of combiner 328, may be insufficient for the signal 
power levels, thereby causing the above leakage. In the 
preferred embodiment of the present invention, circula- 
tor 322 has three ports. The first port is coupled to RF 
transmission path 324; the second port is coupled to RF 
40 transmission path 326, and the third port, referred to as 
a termination port, is coupled to a dissipator. In the pre- 
ferred embodiment, the dissipator is a 50 Ohm resistor 
coupled to ground. 

Circulator 322 adds more isolation in the RF trans- 
45 mission path by channeling the signal coming back on 
RF transmission 326 into the termination port of the cir- 
culator. The signal is dumped into the load and dissipat- 
ed in the termination. Thus, as shown by the clockward 
pointing arrow, signals which are input from RF transmis- 
so sion path 324 are passed through to RF transmission 
path 326. In the same manner, signals which are re- 
ceived from RF transmission path 326 are passed thor- 
ough to the termination port. 

Circulators which are configured with a termination 
55 port are referred to as an isolator. Thus, circulator 322 is 
also referred to as an isolator. As discussed above, cir- 
culator 322 is a three-port device. However, as one 
skilled in the relevant art would find apparent, other types 
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of circulators may be used. The design consideration in- 
clude the desired degree of isolation and the power level 
differential of the signals. 

As discussed above, CDPD radio 204 generates the 
data transmit signal onto an instantaneously available 5 
voice frequency or channel. This data transmit signal is 
provided to combiner network assembly 202 via CDPD 
data signal RF transmission path 206 and data input port 
314. Once received by combiner network assembly 202, 
the CDPD data transmit signal travels along RF trans- 10 
mission path 330 to power combiner 328. Power com- 
biner 328 combines the combined AMPS signals re- 
ceived on RF transmission path 326 with the CDPD data, 
transmit signal received on RF transmission path 330. 
This combined voice, setup, and data signal is then out- is 
put through output port 332 to voice, setup, and RF trans- 
mission path 210 to LAC 114. 

In the combiner network assembly of the present in- 
vention, the voice, setup, and data channels are com- 
bined in such a manner as to maintain the same insertion 2° 
loss on the AMPS signals as the LAC four-way combiner 
110 it replaces. Thus, the combiner network assembly 
202 is transparent to the AMPS radios. In addition, the 
non-intrusive packetized nature of the CDPD data trans- 
missions, in concert with the present invention, enables 25 
many users, both data and voice, to have access to the 
same transmission channels without degrading the 
AMPS voice transmissions. The AMPS calls (voice radio 
transmissions) are given first priority by virtue of the sniff 
and hop technique employed by the CDPD radio, and 30 
the data signal transmission is preempted by the AMPS 
voice transmissions when necessary. 

Referring to Figure 4, the operation of the combiner 
network assembly of the present invention is now de- 
scribed. In step 402, combiner network assembly 202 re- 3S 
ceives combined voice channels from combiner 1 04A via 
voice channel RF transmission path 128 at input port 
310. Simultaneously, combiner network assembly 202 
receives additional combined voice channels from com- 
biners 104B and 104C via voice channel RF transmis- 40 
sion paths 1 30 and 1 32, respectively at input ports 308 
and 306, respectively. At the same time, combiner net- 
work assembly 202 receives a setup channel via setup 
channel RF transmission path 134 at input port 304. 

At step 404, combiner network assembly 202 com- 45 
bines the voice channels and simulcast setup channel 
received from combiners 104 and power splitter 106 by 
utilizing a four-to-one input combiner 302. The combined 
AMPS signals are then output by four-to-one input com- 
biner 302 and provided on RF transmission path 316 to so 
an unbalanced 2-way power divider 318. 

In step 406, power divider 318 directs the combined 
AMPS signals on RF transmission path 316 to output 
port 312 via RF transmission path 320. These combined 
signals are then provided to CDPD radio 204 via CDPD 55 
voice sampling RF transmission path 208. Powerdivider 
318 also directs the combined AMPS signals to an un- 
balanced 2-way power combiner 328 through circulator 


322. 

In step 408, combiner network assembly 202 re- 
ceives a CDPD data transmission for transmission onto 
an available AMPS voice channel from CDPD radio 204 
via CDPD data RF transmission path 206 at input port 
314. Power combiner 328 combines the voice and setup 
channels on RF transmission path 326 with the CDPD 
data transmit signal on RF transmission path 330. 

In step 412, this combined voice, setup, and data 
signal is then output through output port 332 to voice, 
setup, and RF transmission path 210 to LAC 114. 

In the preferred embodiment of the present inven- 
tion, combiner network assembly 202 operates with 
CDPD radio 204. However, as one skilled in the art would 
find apparent, the present invention may support any cel- 
lular communications subsystem which has the capabil- 
ity to sample radio frequency channels and inject data 
signals into the radio frequency transmission path at an 
available voice radio frequency. 

Likewise, the preferred embodiment of the present 
invention is designed to operate on a Series 1 1 AMPS sys- 
tem. However, as one skilled in the art would find appar- 
ent, the present invention may operate with other sys- 
tems designed to operate according to the AMPS stand- 
ard. In addition, the present invention may operate with 
wireless communication systems which operate accord- 
ing to other standards now or later developed. For ex- 
ample, the present invention may operate in a wireless 
cellular communications system which operates accord- 
ing to such predecessor standards as the Mobile Tele- 
phone System (MTS) or Improved Mobile Telephone 
System (IMTS). 

While various embodiments of the present invention 
have been described above, it should be understood that 
they have been presented by way of example only, and 
not limitation. Thus, the breadth and scope of the present 
invention should not be limited by any of the above-de- 
scribed exemplary embodiments, but should be defined 
only in accordance with the following claims and their 
equivalents. 


Claims 

1. A combiner network assembly for use in a cellular 
network transmission facility having a data transmis- 
sion radio, comprising: 

a first combiner configured to combine a plu- 
rality of combined voice signals from one or more 
combiners to produce a combined voice channel 
signal; 

a second combiner configured to combine a 
data transmit signal from the data transmission radio 
with said combined voice channel signal to result in 
a combined voice and data signal; and 

a power divider, interposed between said first 
combiner and said second combiner, configured to 
direct said combined voice channel signal to the 
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data transmission radio and to said second com- 
biner; 

wherein the data transmission radio RF sniffs 
said combined voice channel signal and transmits 
said data transmit signal over an available voice 
channel. 

2. The combiner network assembly of claim 1 , further 
comprising: 

an isolator interposed between said power 
divider and said second combiner, configured to iso- 
late said power divider from contamination leaking 
through said second combiner. 

3. The combiner network assembly of claim 2, wherein 
said power divider and said second combiner are 
configured toachieve a predetermined insertion loss 
in the combiner network assembly. 

4. A cellular telephone network transmission facility, 
comprising: 

one or- more voice radios configured to trans- 
mit voice signals over selected voice channels; 

one or more combiners configured to combine 
said voice signals transmitted by said one or more 
voice radios to. generate a combined voice channel 
signal; 

a data transmission system configured to 
process one or more voice channels to. determine 
whether said voice channel contains a voice signal 
and further configured to transmit a data signal at 
said processed voice channel if said processed 
voice channel does not contain a voice signal; 

a combiner network assembly, coupled to said 
one or more combiners and said data transmission 
system, configured to receive and combine said 
combined voice channel signals from said one or 
more combiners and said data signal from said data 
transmission system to produce a combined voice 
and data signal; 

amplifier means, coupled to said combiner 
network assembly, for amplifying said combined 
voice and data signal; and 

an antenna coupled to said amplifier means, 
for transmitting said combined voice and data signal. 

5. The facility of claim 4, wherein said combiner net- 
work assembly comprises: 

a first combiner configured to combine a plu- 
rality of said voice channel signals from said one or 
more combiners to produce said combined voice 
channel signal; 

a second combiner configured to combine said 
data signal from said data transmission radio with 
said combined voice channel signal to result in said 
combined voice and data signal; and 

a power divider, interposed between said first 
combiner and said second combiner, configured to 


direct said combined voice channel signal to said 
data transmission radio and to said second com- 
biner; 

wherein said data transmission radio RF sniffs 
5 said combined voice channel signal and transmits 
said data transmit signal over an available voice 
channel. 

6. The transmission facility of claim 4, wherein said 
io data transmission system is a cellular digital packet 

data system. 

7. The transmission facility of claim 4, further compris- 
ing: 

is isolation means, interposed between said 

power divider and said second combiner, for isolat- 
ing said power divider from contamination leaking 
through said second combiner. 

20 8. The transmission facility of claim 4, wherein said 
power divider and said second combiner are config- 
ured to achieve a predetermined insertion loss in 
said combiner network assembly. 

25 9. The transmission facility of claim 4, wherein said 
amplifier means is a broad band linear RF amplifier. 

10. In a cellular telephone transmission facility having a 
data transmission system, the method of combining 

30 a data signal generated by the data transmission 
system with voice signals, comprising the steps of: 

(a) receiving one or more voice channels from 
one or more voice radios; 

35 

(b) providing said one or more voice channels 
to the data transmission system; 

(c) receiving a data signal from said data trans- 
40 mission system for transmission onto an avail- 
able voice channel; 

(d) combining said one or more voice channels 
with said available voice channel carrying said 

45 data signal; and 

(e) outputting said combined one or more voice 
channels and said available voice channel to an 
RF amplifier for amplification and subsequent 

50 transmission. 

11. The method of claim 10, further comprising the step 
of: 

(f) before said step (b), combining said one or 
55 more voice channels in an internal combiner. 

12. The method of claim 11, further comprising the step 
of: 
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(g) receiving a setup channel from a setup radio; 
and 

(h) combining said setup channel with said one 

or more voice channels to result in a combined s 
AMPS channels. 

13. I n a cellular telephone transmission facility having a 
data transmission system, the method of combining 
a data signal generated by the data transmission 10 
system with voice signals, comprising the steps of: 

(a) receiving one or more combined voice chan- 
nels from one or more voice radios via one or 
more combiners; 15 

(b) combining said one or more voice channels 
from said one or more combiners in an internal 
combiner to result in a combined voice channel 
and providing said combined voice channel to 20 
a power divider; 

(c) directing, by a power splitter, said combined 
voice channel to said data transmission system; 

25 

(d) receiving a data signal from said data trans- 
mission system for transmission onto an avail- 
able voice channel; 

(e) combining, by a combiner, said voice signal 30 
with said data signal; and 

(f ) outputting said combined voice and data sig- 
nals to an RF amplifier for amplification and sub- 
sequent transmission. 35 
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